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A FINNED DEVICE FOR REMOVING HEAT FROM AN 
ELECTRONIC COMPONENT 

FIELD OF THE INVENTION 
5 Embodiments of the present invention relate to the field of cooling 

electronic devices. Specifically, an embodiment of the present invention relates 
to a finned device for removing heat from an electronic component. 

BACKGROUND OF THE INVENTION 

1 0 During their operation, electronic devices such as microprocessors, other 

integrated circuits, and other electronic components produce heat. Sometimes, 
the amount of heat produced and/or the attributes of the electronic device are 
such that this heat must be removed from the device. Failure to remove the heat 
from such devices can cause its operating characteristics to deteriorate. 

1 5 Deterioration of these operating characteristics can cause problems for the 
systems that incorporate these electronic devices. In some cases, failure to 
adequately remove the heat can lead to the failure of the device. Such problems 
can be troublesome and costly. 

20 To prevent such problems from occurring, cooling can be provided to 

electronic components. One means of cooling electronic components is the heat 
sink. Heat sinks have long been used to remove heat from electronic devices to 
which the heat sinks are attached. Heat sinks can comprise a mass of thermally 
conductive material such as a metal like copper or aluminum. Heat sinks can be 

25 attached to the top or another surface of the electronic device to be cooled. Heat 
produced within the electronic device is transferred by conduction into the heat 
sink mass. The heat is then transferred away from the heat sink primarily via 
convection. Some of the heat can also be removed via radiation. 
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To promote convective heat transfer from them, some heat sinks are 
designed to include a plurality of fins on their upper surface. The heat is 
conducted through the heat sink and into the fins. There, the heat radiates off and 
away from the heat sink. The fins also radiate heat. Fins can comprise an array of 
5 piano-linear appendages running parallel to one another across the surface of the 
heat sink and parallel to the flow of air across them, as shown in Prior Art Figure 1 . 
Fins can also comprise an array of pins, posts, or similarly configured 
appendages raised from the surface of the heat sink. Heat transfer from the heat 
sink via the fins is proportional to the surface area of the fins. 

10 

Air (or another gas) filling the interior of the housing of a component or 
system of which the electronic device being cooled is a part provides a medium 
for convective heat transfer away from the fins, and thus serves to promote 
cooling of the device. Convection typically provides a significant portion of the 
1 5 device's cooling. Convective heat transfer is proportional to the mass flow rate of 
a cooling medium across the heated surface. Thus, convective cooling can be 
made more effective by providing or increasing the flow of the fluid across the 
fins. The flow rate can be increased by the use of mechanical ventilating 
components such as fans. 

20 

Some electronic devices are provided with their own dedicated cooling 
fans, such as those mounted integrally with its heat sink pin fin structure. Electronic 
systems such as computers and servers, which can incorporate a multitude of 
heat producing electronic components, sometimes provide cooling media in the 
25 form of fan-blown air. The air blowing through the internals of the system 

removes the heat produced by the components therein. As the air warmed by 
this heat leaves the system, it carries the heat with it into the room or other milieu 
in which the system operates. Sometimes this heat is further dissipated, such as 
by external fans, or removed, such as by air conditioning and ventilation. 
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For some electronic systems such as enterprise servers and other 
business-critical systems, operational reliability is an significant if not crucial 
attribute. Where operational reliability is necessary, cooling of component 
5 devices is such an important function that multiple fans are used therein for 
redundancy. As shown in Prior Art Figure 1 , redundant fans 1 1 and 12 are 
conventionally mounted coaxially so that during normal operations, the first fan 1 1 
discharges its air into the suction of the second fan 12. This arrangement 
provides more than adequate air flow 16 from one direction across heat sink 13, 
1 0 parallel to its fin appurtenances 1 5, so as to cool electronic device 1 4 by forced 
convection. 

The output volume, pressure, and mass flow rate of the discharge of a 
single fan, either 1 1 or 1 2, is designed to suffice to adequately cool device 14. 

1 5 Thus fans 1 1 and 12 are redundant; if fan 1 1 fails, fan 12 should suffice and vice 
versa. However, a frequent failure mode for fans used in cooling electronic 
equipment is bearing failure. Typically, such bearing failures occur when a 
bearing seizes, which can stop (or initially slow and progress to stop) the rotation 
of the fan. Blades 20 of fans 1 1 and 12 do not feather, but retain their pitch. Thus 

20 if either fan stops by bearing seizure, blades 20 of the stopped fan are static in 
the airstream and can aerodynamically impede the air flow from the redundant fan. 

In such a case, the redundant fan can provide less than its design air 
discharge, such that air flow 15 can be reduced to less than half of the design 
25 discharge of both operating fans. When air flow 15 is thus reduced, it may not 
provide adequate cooling for electronic device 14, and the purpose of having the 
redundant fans can be impeded or defeated. 



3 



200209739-1 



Other heat sink designs such as pin finned heat sinks allow cooling from 
any direction or from multiple directions. However, pin fin and other such heat 
sinks are less efficient than plano-linearly finned heat sinks in both heat transfer 
and pressure drop. Other methods of cooling electronic devices besides heat 
5 sinks have been implemented to avoid these shortcomings. These solutions 
include heat pipes and vapor chambers. However, both heat pipes and vapor 
chambers are typically expensive with respect to heat sinks, and have their own 
reliability issues, such as leakage failure. 



1 0 Further, fans (including redundant pairs) are sometimes used with the heat 

pipes and vapor chambers to remove the heat therefrom, such that cooling 
reliability can remain a concern even when these alternatives are used. Adding 
additional fans to systems whose components are cooled by either heat sinks or 
alternatives can be expensive and pose spatial and physical arrangement 

1 5 challenges within the systems. This can be exacerbated by the placement of 
components such as power supplies and circuit boards. These can restrict or 
block air flow add more heat. Hence, conventional solutions to removing heat 
from electronic devices may not be entirely adequate in some applications. 
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SUMMARY OF THE INVENTION 

A device for removing heat from an electronic component is disclosed. 
The device comprises a heat sink adapted to couple to the electronic component 
and conduct heat therefrom. A finned appurtenance is coupled to the heat sink 
5 and adapted to transfer the heat into a fluid medium. The fins are oriented at an 
angle with respect to a plurality of flow streams of the fluid medium across the 
fins. Each flow stream follows a unique direction. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Prior Art Figure 1 depicts a conventional piano-linear heat sink fin 
appurtenance cooled by dual coaxial fans. 

5 

Figure 2 depicts an angled heat sink fin appurtenance cooled by 
perpendicular air streams from two fans arranged at right angles to each other, in 
accordance with an embodiment of the present invention. 

1 0 Figure 3, depicts an angled heat sink fin appurtenance cooled by air 

streams from two fans arranged at a non-right angel with respect to each other, in 
accordance with an embodiment of the present invention. 

Figure 4 depicts a curved heat sink fin appurtenance cooled by two fans 
1 5 arranged at a non-right angel with respect to each other, in accordance with an 
embodiment of the present invention. 

Figure 5 is a flowchart describing a method for removing heat from an 
electronic component using a heat sink fin appurtenance, in accordance with an 
20 embodiment of the present invention. 



6 



200209739-1 



DETAILED DESCRIPTION OF THE INVENTION 

A finned device for removing heat from an electronic component is 
disclosed. Reference will now be made in detail to embodiments of the 
invention, examples of which are illustrated in the accompanying drawings. While 
5 the invention will be described in conjunction with these embodiments, they are 
not intended to limit the invention to these embodiments. On the contrary, the 
invention is intended to cover alternatives, modifications, and equivalents, which 
may be included within the spirit and scope of the invention as defined by the 
appended claims. Furthermore, in the following detailed description of the 

1 0 present invention, numerous specific details are set forth in order to provide a 
thorough understanding of the present invention. However, it will be apparent to 
one of ordinary skill in the art that the present invention may be practiced without 
these specific details. In other instances, well known methods, procedures, and 
components have not been described in detail so as not to unnecessarily 

1 5 obscure aspects of the present invention. 



A device for removing heat from an electronic component is disclosed. 
The device comprises a heat sink adapted to couple to the electronic component 
and conduct heat therefrom. A finned appurtenance is coupled to the heat sink 

20 and adapted to transfer the heat into a fluid medium. The fins are oriented at an 
angle with respect to a plurality of flow streams of the fluid medium across the 
fins. Each flow stream follows a unique direction. In one embodiment, the fins 
comprising the finned appurtenance are piano-linear in shape and parallel to each 
other but oriented at an angle with respect to several flow streams of a cooling 

25 fluid medium. 



In one embodiment, the fins comprising the finned appurtenance are 
curved and gradually change the directions of flow streams of the cooling 
medium. One embodiment uses a pair of fans the discharges of which provide 
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the flow streams; the fans mounted such that their discharges are perpendicular to 
each other as they approach the finned appurtenance. Other embodiments use 
fans mounted such that their discharges form acute angles with respect to each 
other as they approach the finned appurtenance. In one such embodiment 
5 utilizing piano-linear fins, the fins are oriented at an obtuse angle with respect to 
the flow stream as it approaches the finned appurtenance. 

Embodiments of the present invention allow an electronic component to 
be cooled from multiple directions. For instance, two flow streams of a cooling 

1 0 medium such as fan blown air can each be directed towards the electronic 

component's heat sink having a finned appurtenance from different angles. Thus, 
additional redundancy is possible because two fans can be used to efficiently 
cool a component; if one fan fails, the other fan will still provide adequate cooling 
medium flow over the finned appurtenance to remove heat from the component. 

1 5 The conventionally typical coaxially aligned cooling fans can be dispensed with in 
favor of fans mounted non-coaxially. This allows more efficient N+1 cooling and 
promotes redundancy to prevent cooling failure in the event of a single fan 
seizure while advantageously eliminating the conventional need for one fan to 
overcome the aerodynamic resistance of the seized fan. 

20 

Certain portions of the detailed descriptions of embodiments of the 
invention, which follow, are presented in terms of processes (e.g., methods such 
as process 500 of Fig. 5). Although specific steps are disclosed in such figures 
herein describing the operations of these processes and methods, such steps 
25 are exemplary. That is, embodiments of the present invention are well suited to 
performing various other steps or variations of the steps recited in the flowcharts 
of the figures herein. 
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Embodiments of the present invention are discussed primarily in the 
context of a finned device for removing heat from an electronic component. With 
reference to Figure 2, a cooling configuration 200 is depicted for an electronic 
device coupled to a heat sink with finned appurtenance 214 according to one 
5 embodiment of the present invention. Fins 21 5 of heat sink 21 4 are substantially 
piano-linear in shape and parallel to each other, as shown in Figure 2. While 
Figure 2 depicts a view directed towards the top surface of the fins 215, it is 
appreciated that cooling configuration 200 can be mounted within a system, 
enclosure, or upon a circuit board or other structure in any orientation, such that the 
1 0 upper surface of fins 21 5 may be directed in any position (e.g., up, down, 
sideward, etc.) with respect to the system, etc. 

Fans 21 1 and 212 provide locomotion to a cooling medium which can be 
any gaseous fluid such as air. In the present embodiment, fans 21 1 and 21 2 are 
1 5 mounted such that their discharges form cooling medium flow streams 21 6 and 
218, respectively, which approach fins 215 from directions substantially 
orthogonal to each other. As flow streams 216 and 218 impinge cooling fins 215 
and flow through the spaces between them, the air comprising the flow streams 
is warmed, removing heat from heat sink 214 by forced convection. 

20 

As flow stream 216 impinges fins 215 and flows through the spaces 
between them, its direction is mechanically changed. Warmed flow stream 217 
thus emerges from fins 215 in a direction different from the original flow direction of 
flow stream 216. Likewise, as flow stream 218 impinges fins 215 and flows 
25 through the spaces between them, its direction is mechanically changed also. 

Warmed flow stream 219 thus emerges from fins 215 in a direction different from 
the original approach direction of flow stream 218. 
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Heat sink 214 and finned appurtenance 215, like other heat sinks and 
finned appurtenances discussed herein (e.g., comprising cooling configurations 
300, 400; Fig. 3, 4, respectively) can comprise a integral package of any heat 
conducting material such as metal like copper or aluminum or a non-metallic 
5 material like carbon. Such an integral unit can be formed by any technique known 
in the art, such as extrusion, forging, stamping, or the like. Cooling configuration 
200, like other cooling configurations discussed herein (e.g., comprising cooling 
configurations 300, 400; Fig. 3, 4) can be effectively applied in electronic 
systems such as enterprise servers and other business-critical systems where 
1 0 operational reliability is an significant if not crucial attribute. However, these 

cooling configurations can be applied economically to cool electronic components 
in any electronic server; the cost of their components can be on par with the cost 
of cooling configurations using conventional components. 



1 5 The fans providing locomotion to the cooling medium do not have to be 

orthogonal to each other, as depicted in Figure 2. With reference to Figure 3, a 
cooling configuration 300 is depicted, according to one embodiment of the 
present invention. Advantageously, such an arrangement can allow more internal 
design and spatial flexibility. In cooling configuration 300, the discharge of fans 

20 31 1 and 31 2 provide flow streams of cooling air 31 6 and 31 7, respectively, 

which approach a heat sink 314 of an electronic component to be cooled from an 
acute angle with respect to each other. As flow streams 31 6 and 31 7 impinge 
cooling fins 315 and flow through the spaces between them, the air comprising 
the flow streams is warmed, removing heat from heat sink 314 by forced 

25 convection. 



As flow stream 316 impinges fins 215 and flows through the spaces 
between them, its direction is mechanically changed. Warmed flow stream 319 
thus emerges from fins 315 in a direction different from the original flow direction of 
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flow stream 316. Likewise, as flow stream 318 impinges fins 315 and flows 
through the spaces between them, its direction is mechanically changed also. 
Warmed flow stream 318 thus emerges from fins 315 in a direction different from 
the original approach direction of flow stream 318. 

5 

In one embodiment of the present invention, the fins are not piano-linear in 
shape and are not affixed parallel to each other on the finned appurtenance. This 
can advantageously take advantage of the airflow directions and duct more airflow 
over the heatsink to better cool its designated electronic component. For 
1 0 instance, Figure 4 depicts a cooling configuration 400. 



Cooling configuration 400 comprises a heat sink 414 having a finned 
appurtenance the fins 415 of which are curved, in accordance with one 
embodiment of the present invention. Fins 415 are grouped into two sets 420 
1 5 and 430. Within each set, fins 415 are arrayed concentrically. However, the 

curvature of sets 420 and 430 are concentric opposite with respect to each other. 



Fans 41 1 and 41 2 provide locomotion to a cooling medium which can be 
any gaseous fluid such as air. In the present embodiment, fans 41 1 and 412 are 

20 mounted such that their discharges form cooling medium flow streams 41 6 and 
418, respectively, which approach fins 415 from directions substantially 
orthogonal to each other. In another embodiment, the fans are arranged at angles 
other than orthogonal to each other. Advantageously, such an arrangement can 
allow more internal design and spatial flexibility. As flow streams 416 and 418 

25 impinge cooling fins 415 and flow through the spaces between them, the air 
comprising the flow streams is warmed, removing heat from heat sink 414 by 
forced convection. 
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As flow stream 416 impinges the fins 415 comprising set 430 and flows 
through the spaces between them, its direction is mechanically changed, albeit 
gradually, relative to embodiments described herein having piano-linear shaped 
fins. Warmed flow stream 417 thus emerges from the fins 415 comprising set 
5 430 in a direction different from the original flow direction of flow stream 41 6. 
Likewise, as flow stream 418 impinges the fins 415 comprising set 420 and 
flows through the spaces between them, its direction is mechanically changed, 
also gradually. Warmed flow stream 419 thus emerges from fins 415 in a 
direction different from the original approach direction of flow stream 418. 

10 

The fans providing locomotion to the cooling medium do not have to be 
orthogonal to each other, as depicted in Figure 4. In another embodiment, the 
fans can be at other than substantially right angles to each other. 
Advantageously, such an arrangement can allow more internal design and spatial 
1 5 flexibility. 

Figure 5 depicts a process 500 for removing heat from an electronic 
component using a heat sink fin appurtenance, in accordance with an embodiment 
of the present invention. Process 500 begins with step 501 , wherein heat is 
20 conducted from the electronic component into the heat sink. In step 502, the heat 
is conducted into fins appurtenant to the heat sink. 

In step 503, multiple flow streams of a medium comprising a cooling fluid 
(e.g., a gas such as air) are directed towards the fins from different directions, 
25 relative to each other. 

In step 504, the direction of each flow stream is changed within the spaces 
between the fins. Thus, each respective flow stream, warmed by removing heat 
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from the heat sink via its fins, exits the fin array from a direction different from which 
it entered. 

In step 505, the flow stream is directed out of the system or enclosure 
5 incorporating the electronic component being cooled, completing process 500. 
The air can be directed out of the system by an exhaust fan, positive pressure 
supplied by a main intake fan, a combination, or any technique known in the art, 
Advantageously, system air flow, along with the flow streams directed by the 
fans discussed in other embodiments discussed herein (e.g., cooling 
1 0 configurations 200, 300, 400; Fig. 2, 3, 4, respectively) can promote front-to- 
back airflow for efficient cooling. 

An embodiment of the present invention, a finned device for removing 
heat from an electronic component, is thus described. While the present 
1 5 invention has been described in particular embodiments, it should be 

appreciated that the present invention should not be construed as limited by 
such embodiments, but rather construed according to the following claims and 
their equivalents. 
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